Introduction
Cystitis is defined as a symptomatic infection of the lower urinary tract due to bacterial colonization. The most common uropathogens are Escherichia coli and Staphylococcus saprophyticus. 1 Common symptoms involve dysuria, alguria, pollakiuria, or desire to urinate and abnormal urinary parameters. 2 Women are more often affected due to the anatomical structure of the female urinary tract. Approximately 5% of young women experience new infections each year, and the rate increases with age. Fifty to seventy percent of women experience symptoms of cystitis at least once in their life; approximately 30% of these women experience recurrent infections. 3 Currently, the standard treatment for cystitis comprises oral antibiotics; the choice depends on the spectrum of uropathogens and their antibiotic resistance. A combination of trimethoprim and sulfamethoxazole is often recommended, unless resistance rates exceed 20%. 4 These substances act synergistically, interfering with the metabolism of folic acid. 5 Antimicrobial resistance is, however, spreading, and there is a great need for new treatment strategies.
The herbal combination (Angocin ® Anti-Infekt N; Repha GmbH, Langenhagen, Germany) used in this trial contains as active ingredients horseradish root (Armoraciae rusticanae radix) and nasturtium (Tropaeoli majoris herba). It has been on the German market for more than 50 years and is authorized for treating acute uncomplicated urinary tract infections (UTIs). Its antibacterial efficacy against a broad range of pathogens has been demonstrated in vitro and is primarily attributed to isothiocyanates. [6] [7] [8] Previous clinical observations demonstrated similar efficacy to standard antibiotics in treating acute UTI, and a significantly reduced relapse rate of recurrent lower UTI compared to placebo. [9] [10] [11] Moreover, in a recent clinical trial, the herbal combination was superior to placebo when treating respiratory tract infections. 12 The purpose of this non-inferiority trial was to investigate efficacy and safety of the herbal combination in comparison to co-trimoxazole in the treatment of acute, uncomplicated cystitis.
Materials and methods

Study design
This randomized, prospective, double-blind, double-dummy, active-controlled, multicenter, phase III clinical trial was conducted from May 2011 to June 2013 in 26 centers (involving urologists, gynecologists, and general practitioners) in Germany according to Guidelines for Good Clinical Practice E6 published by the International Council on Harmonisation and the German Drug Law. The study was approved by the leading Ethics Committee, "Landesamt für Gesundheit und Soziales" (LAGeSo; Berlin, Germany) on March 28, 2011 (EudraCT-number 2010-022096-54). The aim was to demonstrate non-inferiority of the herbal combination compared to co-trimoxazole in the treatment of acute, uncomplicated cystitis. Subjects were randomly allocated, using block randomization of 4 blocks of size 2, by an independent statistician who was not involved in patient recruitment and data collection. Study medication was packaged according to a randomization list by a manufacturing facility not involved in this trial. Trial sites were supplied with packages of blinded units containing randomization numbers, which were assigned to each eligible patient, always using the lowest number available at the trial site. The same batches of study medication were used throughout the trial. All individuals involved in this trial remained blinded until the database had been locked. A Blind Data Review Meeting was conducted before unblinding. Study duration was 28 days, consisting of 7 days of active treatment and 21 days without drug treatment. An additional observational period of 6 months was optional.
Participants
Outpatients of both sexes, aged 18-70 years, with symptoms of uncomplicated acute cystitis, presence of leukocytes measured via urinalysis, and bacterial counts of more than 10 5 CFU/mL in a midstream sample of urine (MSU) were included. Written informed consent was obtained before any study procedure. Relevant exclusion criteria comprised the following: presence of bacteria resistant to co-trimoxazole; progressive infection of the urinary tract; overactive bladder; abnormal anatomical structures or preceding surgery of the urinary tract; renal failure; nephritis; proteinuria; acute infections other than UTI or factors indicating a complicated UTI; abnormal laboratory values; intake of antibiotics 2 weeks before study inclusion and/or parallel to study treatment; presence of inhibition zones in Bacillus subtilis lawn after application of native urine as a marker for recent intake of antibiotics (positive inhibitor test); presence of at least three UTI during the past 12 months and/or at least two UTI during the past 6 months; pregnancy; lactation; and contraindications of the study medication. 
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Herbal medicinal product for treatment of uncomplicated cystitis of 160 mg trimethoprim and 800 mg sulfamethoxazole per tablet. Placebo tablets were identical in appearance to the respective study drug. Since both drugs have different galenic properties and treatment durations, a double-dummy technique was used to maintain blinding.
The phytotherapy group received five herbal combination tablets four times per day and one placebo comparator tablet two times per day for 7 days. The antibiotic group administered five placebo herbal combination tablets four times per day for 7 days and one active comparator tablet two times per day for 3 days. For the remaining 4 days, a placebo comparator tablet was used to maintain blinding. Treatment with study medication commenced at visit 1 (day 0) and ended before visit 2 (day 8+1). Two follow-up visits were conducted: visit 3 (day 15+1) and visit 4 (day 28±1). If a relapse occurred between scheduled follow-up visits, an extra visit was carried out. During the optional 6-month observational period, monthly telephone visits were scheduled.
Endpoints
The primary endpoint was the rate of responders defined as the reduction of urinary pathogens to <10 3 CFU/mL in an MSU on visit 3. Secondary endpoints were change of symptom scores, duration of symptoms, physicians' assessment of efficacy, frequency of relapse or new infection at visits 3 and 4, and physicians' assessment of the course of the disease. Other endpoints were explorative and included rate of resistance to the comparator, the rate of patients with recurrent cystitis during the optional 6-month follow-up period, and patients' satisfaction with the treatment. Safety endpoints were the incidence of adverse events or serious adverse events, tolerability, laboratory (hematology, blood chemistry and urinalysis), and vital signs. Compliance was also documented.
Procedure
At visit 1, subjects were screened, informed consent was obtained, demographic, anamnestic data and concomitant diseases were documented, a pregnancy test was performed in female patients of childbearing potential, resistance to cotrimoxazole and inhibitor tests were performed, and eligible patients were randomized and received the study medication and a diary for the next 7 days. Concomitant medication and therapies, vital signs, urinalyses (Combur9-Test ® strips; Hoffmann-La Roche, Basel, Switzerland) and symptoms of uncomplicated cystitis (pollakiuria, dysuria, nocturia, and urinary incontinence) were assessed at each visit. Symptoms were also assessed daily in each patient's diary (none, mild, moderate, or severe). Measurement of urine specific gravity and bacterial counts were mandatory on visits 1 and 3 and necessary during other visits if leukocytes were present. Blood samples were obtained on visits 1 and 3. Identification of pathogens in urine was performed during visit 1. Patients' satisfaction (10-point scale) and investigators' assessments were documented on visits 2 and 3. Adverse events or serious adverse events were checked starting from visit 2. Tolerability (good, or not good) was assessed daily in each patient's diary and by physicians at visit 3. During the optional 6-month observational period, patients were questioned about recurrence of cystitis.
Statistical analyses
Sample size calculation and statistical analyses were carried out in accordance with the ICH-GCP guidelines. Sample size calculation was based on the assumption that the probability of therapeutic success for the comparator is 0.9 and the threshold for non-inferiority -0.1, which had to be confirmed on α=0.025 level (one-sided). Taking into account a dropout rate of 20%, a sample size of 178 patients per group was calculated.
The intent-to-treat set (ITT) consisted of all patients who received study medication at least once ( Figure 1 ). The per-protocol set (PP) comprised patients who completed the study after visit 4 without relevant protocol violations, which resulted in the exclusion of three patients. One patient remained in the PP set, despite treatment with antibiotics (nonresponder). Furthermore, the Blind Data Review Meeting Committee decided to include four patients with complete data sets for the primary endpoint, who discontinued the study prematurely, of which two patients discontinued due to necessary treatment with antibiotics (nonresponders). To exclude potential bias, additional sensitivity analysis of the PP set without three nonresponders was performed for the primary endpoint. The safety-evaluable set was identical to the ITT set. Analysis of the primary endpoint was performed in the PP set only, because patients excluded from the PP set had no data on the primary outcome or protocol violations affecting the outcome. Analyses of secondary endpoints were performed in both sets, unless specified otherwise.
Statistical analyses were conducted as was specified in the trial protocol. Analysis of non-inferiority was conducted for the primary endpoint using δ=0.1 (10%) as a threshold. Non-inferiority was assumed if the lower boundary of the 95% CI of the difference was >-δ (α=0.025, one-sided). For the analysis of other endpoints, exploratory statistics were used which comprised Mann-Whitney U-test, log-rank test, χ 2 -test, Wilcoxon signed-rank test, and Student's t-test using a level of significance of α=0.05 (two-sided).
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Results
Ninety-six patients (nine male; median age, 38.5 years) were randomized (ITT), and all of them completed the treatment period of 7 days (Figure 1 ). Patients were randomized if the available results (from test strips and description of symptoms) permitted study inclusion. Results of urine specific gravity, bacterial counts, inhibitor test, resistance tests, and identification of pathogens were available a couple of days after the screening. If eligibility status was changed due to updated results, the patient was considered a retrospective screening failure and was excluded from the study (phytotherapy group: 18 patients; antibiotic group: 20 patients).
The PP set included 51 patients with negative inhibitor tests, confirmed presence of pathogenic microorganisms, cystitis confirmed by physician, pathogens count ≥10 5 CFU/ Ml, and no resistance to co-trimoxazole.
Fifty (52.1%) patients completed the trial at visit 4; 44 of them agreed to the optional 6-month observational period and 41 (42.7%) patients completed it. Before reaching the planned sample size, the study was terminated due to slow recruitment rate. Baseline data and clinical characteristics are presented in Table 1 . Compliance was high in both groups (>97%). The test for homogeneity revealed significant differences for only eight (11.3%) variables, which was below the expected value of 15% and can be considered random. Thus, a homogeneous population was evaluated.
Efficacy
The responder rates in the PP set were 10/22 (45.5%) for the phytotherapy group and 15/29 (51.7%) for the antibiotic group. The difference in responder rates was -6.27% [95% CI: -33.90%-21.37%], suggesting that non-inferiority of the primary endpoint cannot be assumed.
Sensitivity analysis in the PP set showed responder rates of 10/19 (52.6%) for the phytotherapy group and 15/29 (51.7%) for the antibiotic group (0.91% [95% CI: -27.99%-29.80%]), still indicating that non-inferiority cannot be assumed.
Non-inferiority of the herbal combination versus the antibiotic was demonstrated in the ITT set for improvement of the cardinal symptoms (dysuria and pollakiuria; Table 2 ). Noninferiority analyses were not performed in the PP set, because of a CI range of >20% and subsequently low statistical power. In the phytotherapy group, 18/20 (90.0%) were free of symptoms at visit 3 (PP set). In the antibiotic group, the numbers were 29/29 (100.0%) patients (PP set). 
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Herbal medicinal product for treatment of uncomplicated cystitis Median duration to symptom resolution was significantly shorter in the antibiotic group (antibiotic group: 4 days; phytotherapy group: 6.5 days; PP set: P=0.0122). Similar results were observed in the ITT set (P=0.0046).
The course of the disease during the 1st week as assessed by the physician showed a tendency for better improvement in the antibiotic group. Seventeen out of twenty (85.0%) patients were free of symptoms compared with 16/22 (72.7%) patients in the phytotherapy group (PP set: P=0.0313), which was also observed in the ITT set (P=0.0792).
Physicians' assessment of efficacy on visit 3 was significantly better for the antibiotic group (very good: 55.2%; good: 41.4%) compared with the phytotherapy group (very good: 25.0%; good: 50.0%). Patients' satisfaction was similar in both groups (P=0.1824).
At visit 4, one relapse of cystitis was documented in each group. No relapses or new infections occurred during the optional 6-month observational period.
Further analyses were exploratory and performed in the ITT set. Resistance to the antibiotic was observed in 21 (25.0%) patients who were retrospectively considered as screening failures (twelve in the phytotherapy group and nine in the antibiotic group). The most common resistant pathogen in both groups was Escherichia coli (six in the phytotherapy group and three in the antibiotic group).
Safety
Side effects occurred in three patients (dyspepsia, decreased appetite, and/or headache) in the phytotherapy group, and in five patients (diarrhea, gastrointestinal pain, disturbance in attention, headache, restlessness, exfoliative dermatitis, facial skin alteration, and/or nausea) of the antibiotic group. No serious side effects were documented.
No significant changes were observed for any laboratory value or vital sign, except for significant declines of leukocytes in urine (phytotherapy group: P=0.0025; antibiotic group: P<0.0001) and erythrocytes in urine (phytotherapy group: P=0.0167; antibiotic group: P=0.0007). Overall, both treatments were well tolerated.
Discussion
Principal findings
Efficacy of the herbal preparation in the treatment of uncomplicated UTI was previously demonstrated in two cohort studies. 9, 10 Although non-inferiority for the primary endpoint could not be proved in this trial, the responder rates for both therapies were around 50% and a similar improvement of UTI symptoms was seen in both groups. Cystitis relapse rates were similar for both treatments during the follow-up and the optional 6-month observational period, suggesting similarly effective long-term management of UTI. Resistance rates to co-trimoxazole (22%) were comparable to published literature. [13] [14] [15] [16] Resistance to the herbal combination or isothiocyanates is unknown. 17 Antibiotics are the first-line agents for the treatment of acute uncomplicated UTI. Other treatment modalities exist (ibuprofen, cranberry, or delayed treatment), but play a minor role due to limited available evidence. 18 The increasing rate of antibiotic resistance, however, has promoted the search for alternative therapies that aim to prevent UTI. Such approaches include herbal treatment, D-mannose, hyaluronic acid instillation, probiotics, or vaccines. The use of these alternatives may help to circumvent common side Presence of most common pathogen (E. coli), n (%) effects associated with repeated use of antibiotics such as gut dysbiosis and drug resistance.
Strengths and limitations
The strength of our study was the use of several objective tests combined with subjective parameters as inclusion criteria. The sole use of subjective parameters may result in bias toward patients with less severe symptoms, with more severely affected symptomatic patients misjudged to be unfit for participation. A standardized method of urine collection and handling of urine samples was introduced to ensure similar quality. We included males because, although an uncomplicated cystitis is rare, it sometimes occurs in younger men. 4 Inclusion of male subjects provided a better representation of the general population.
A major limitation of the trial is that the planned sample size could not be reached due to insufficient recruitment rates; this impaired statistical significance and, therefore, the results of this study must be interpreted with caution. The data can only provide preliminary explorative evidence, which must be examined further in future clinical trials.
We identified several barriers and difficulties that may have influenced patient recruitment. For instance, a delay of therapy was not justified for symptomatic patients because there is a risk of ascension of bacteria through the urinary tract. Patients who were eligible at screening (UTI symptoms and positive urine test strips) were included before all test results (bacterial counts and urinalysis) were available. This resulted in an unexpectedly high proportion of randomized patients who were later excluded as screening failures without data on outcome.
Another recruitment barrier was the selection of inclusion criteria, which was too strict. We used the urinary germ count of >10 5 CFU/mL, which has been a standard criterion to detect significant bacteriuria, 4,19 as an inclusion criterion. However, it could not be detected in approximately 14% of patients despite sufficient UTI symptom scores. A lower threshold may be more appropriate. In one study, ≥10 2 CFU/mL was found to be the best diagnostic criterion when clinical symptoms of UTI were present. 20 Another study established that low-count bacteriuria was statistically more frequent among young women with UTI symptoms. 21 Furthermore, the initial inclusion criterion "positive nitrite test" was abandoned with the Ethics Committee's consent, due to increased incidence of false negative results that occurred when micturated volume was too small despite sufficient count of nitrite-producing germs. Newer clinical trials rely more on clinical symptoms as inclusion criteria, which may be preferable when the patient's quality of life is the main study endpoint. 22 Early trial closure is a common problem seen in many acute care clinical trials, which are more frequently discontinued compared to nonacute care trials. 23 Slow recruitment is the main reason for most study discontinuations. 22, 24, 25 In our trial, practitioners reported limited staff availability, complex protocol design, and a limited number of eligible cases as the main reasons for slow recruitment, with the latter due to a different pool of patients often encountered in centers other than those containing general practitioners. For instance, of the eight active recruiting centers, 92 patients were recruited by general practitioners, whereas only 5/18 nonrecruiting centers housed general practitioners. This association was confirmed in another recently published study. 26 From the participants' view, strong individual treatment preferences, lack of interest, high number of tablets and visits, and low payment were vital barriers. Similar motives were seen in other clinical trials.
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Conclusion
This clinical trial suggests a possible role of the herbal combination in the treatment of uncomplicated UTI. Other clinical trials with sufficient statistical power are required to assure this assumption.
A poor recruitment rate is one of the main obstacles encountered in many clinical studies. Several issues must be taken into account when conducting trials in patients with acute uncomplicated UTI. Less strict inclusion criteria, study site selection, and simplified study designs are essential elements. Study sites should be constantly motivated to recruit more patients.
